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CASE NO,: C 281 8- PGT/03 

Emyisions in Enzymatic Reactions 

Oross-Kefemji^e to Relalecl Applloaflons 

This application Is fel under 35 U,S,C. 1 £?i from ^nlernafenal 
Application No, PCT7EP2004/QQS770 w^ifi hi§ an InyrMonil filing date 
5 of August 5 S 2004, wNfch designated- the linked Stales of Amerfc^ aed 
wNeh deims .priority from Germao Patent Applfeat^on number OE1S : 3 37 
4S1;,S fifed AyguM 14, SSp,iha iniim contend of which are hereby 
M&orporated by reference, 

10 Tftls Invention retet.es generally to emulsions, and. :more. parley arty 

to emulsions produced by the phase inversion temperature process and 
y#ad as a reaction medium for enzyme-cataiyzed reactfens, 

Bac kgro u n d f nf o rm atlon 

l l E ^ymis are being l^iaiirtily.: y sii : -m taialysli in ohirni^i aoi 

blochaoicai synthesis Thus, hydrolases, - especially : lipases {EG 3,1/1.3), 
are already befeg used in, many Industrie ftpoiyste. pmmssss by- mim of 
the often mslder reaction c&nditksns* 

Sizable enzymatic esterificatbn- : or transestenflcalion processes are 

2=0; described, for exampte, m BMW- and H . Wal#tanh* Erszyma CafaJy sis 
Nt Organic Spthesls* VCH^VaHag. W@lh'b@iffi ii $£& 

& Is known thai transesf6rf^ealta?i:$ m water4re& or substantial^ 
water^e madsa are catalyzed by lipases. : if water is also prese nUn $hfe 
reaction system of esters, itote and lipases , the elin^natfen $f bmMM 

25 adds to free adds namially occyrs, Since various lipases ateo calaly^a tfe 
fDrmaiion of Mars -fraoi f rea fatly: acids -.and alcohols, a transeslpnflcatkm 
f&adion with: an add Intamiadiato slaga is yitmiately -Darned out m tha 
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Industrial processes, hovvsver, the formation of free acids in the system ss a 
major disadvantage. The water oonlent partly prevents an industrially and 
commercially acceptable pen version (formation of an unfavorable 
tliermodyrlamfe equilprium). Expensive Musihal equipment has to be 
used to obtain satisfactory yields (removal of water, for example, by 
aseptroplo distillation* membrane separation processes, vaMPm 

The disadvantage of enzyme-cafaiyKed reactions often lies In the 
availability and stability of the functional proteins involved In the process. 
Emyrnes stabilised by immobilisation, lor example by mfcroaooapeulatton, 
which nan be used for a variety of applications are already known from Una 

The mactkm of hydrophobic compounds can be carried out by the 
um of wafeNn-oH (w/o) mSoroBmu^ons. as descdbBd by Orfictj = W0 
Sohomaaksr in Enzyme r^tcrofo* TechnoL; £001; 28; 1; 42-48 for the 
fipasa from Cs^dfe^ rugma. However, the oon&enifBlon of water m the 
solution and the compaction of IM components of ^he w/o microemulslpii 
a.m. vary critical to the success of the reaction , 

Ac^ord^n^y, the problem addressed by the present ' invention was to 
prowde a ■■■'systsni - fqf en:zyma-cate!yzed r^acifens In whteh the subsHratei 
cancinlrafens muM he viMd mMM tha lnterf&c$s and henco tM 
concentration of oli and water wau^d remain constant to the exiapl that ihey 
would not bav0 : a . major InHu^noe on the maota or on the activity of th& 
ektyftiil In' addf IS on, these systa ms way M fee 'toexp e nslve and reeydabfe, 

Summary .of lh& fnven&rr 
An ol In water fern ion Including water, ah eniulslffer and an oil 
phase Is produced by. phase inversion temperature process and has a 
droplet size of SO to 400 nm is pmvided, A process for the enzyme- 
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m&rs mdiQf triglycerides fe also provided where the ail in water ermMon; 



S The present Invention relates lothe use of o/w emu^on? Gontaming: 

at l^ast: wafer, emufeliers and a& gii phasa as a reactten. medium tor 
^nmma-aM^sfm^ rmaimn^ tha emulsions having been produced by the 
phase Inversion temperature (PIT) process and having a droplet size of SO 

W. it has surprisingly found thai o/w emulsions produced by the 

FIT ^cess:-s8tbfythe f^yr«msnts,sM6d in ^tMmtfmhm^ 

Emulsions are d feperss pre pa rattens of at lea st two 'liquids Imoi ujbfe 

1.5 in one another, of which one contains water, Emu^flers or emulste 
systems are ysed .to . homogenize Immtsdbte- oil/watar phases by 
emuliiflcatlpn. In the aosenca of stabilizing em.u&lfiers, the phases would 
separate again in view of mm &ffemi polarities. The ampNphic 
amylslliers sit at the interfaces between Ihe Una droplets and the coherent 

£0 pNas^ and -.prevent Siem torn coalescing ^ 

Erry stiffens am compounds .which join hydrDphiife and Hpopinlfe ■■■siryptur&l 
.units to one another In their molecular slmoture, The #pba and-exfent- of 
the part^dlpr structural units In the eniulsmer mDleoute or emulslflar system 
affected are often chafactehzed by the hydroph^fcflpoph^o ba^anos [HLB 

35 {number) vahje], As a general rule., emulsiflars or emyfeifler systems with 
eoniparadvely strongly hydrophiOs components lead to high HLB vaiyes 
and. In their practical appfefon, gen^rsly lead to vvater-baied o/w 
amulsbns with a disperse phase-. Emulators or emulsifier systems with 
comp^raivtly strongly ilpophls oompohents fead conlpamtively ^ower 

30 MM values and hence to w/o invert- emulsions wtth a oftfciitis i phase 
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and a disperse water phase. 

Ills known thai o^^watar (cvw) amufstons prepared and sta&lllMd 
will ronlontc -emulslffers. can undargo^ generally revers^ia pteem inversion 
on heating, the " emulsion type changes from o/w.io w/o ^alertn^ll 
§ afHyii^Dn) wltfiln a certain temperature mm®, Smm IM off becomes the 
oufer continuous pftaaa, Ite conductrvlly of the aroyyon ■■ fails: to zero, Tffe 
mean va^ug of the lemperaturas detwa&h maximal and zero •cs^yctiv%::of 
emulsion on fmmng is called the :ptm®. m®mm pmp®0m ipm 
am iWBmMm%;mm produced are ctfkid PIT imyfelon^ 

18 R -is afed known thai to position of Ida PIT depends on a number of 

factors., for example the inatun* and phase voiyma af th^ of^ .eoriiponent, iSie 
hydropNfcdy and ihi strucfcre of the amuisifiers and iha oomposffidn .of the 
eniuisiffer system. 

Thg droptel stee of the PIT emulsion is en Really determined hy ihe 

IS production process, fn general, the wafer and ol phases are mixed with 
the emufstfters and then heated to a .-temperatum above the PIT; fhe 
conducikily having to- fail to. ^ro. The emulsion- Is then eooted to the 
starting temperatura: (generally mom famp^ralure, ca, WW* The 
emulsion used In accordance with the invention Is only fosraed by the 

28 tempapture of th^ emyfetan exceeding and then faing below Wm W.YV, : . 

If: Is- known that 'only those PIT emulsions which form a 
rniofoemylsbn phase with low '^terfeclal lensioft between d^and water or a 
lamellar !1quld-eryslaHine ; phase during phase ihversbn are eharaetedzed 
by parity (any small dropfets. The cruesal step Is always, the rennvefstdn feh 

25 cooling, 

T!w ; emulsions acoofdlng to the In^ntra . ars dlsihgdfshad In 
paMcular ly thair droplet fewness. Ida droptet mm. m between 50 and 400 
nm r .pm:f0fa:bly b the range from TO to 300 nro, mora praferahiy In the 
range from SO to 2SQ nm and most preferably In the range from SO to 180 
30 nm., The. droplet sizes are assumed to fallow a Gauss dlsihbution, Ttey 
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am rftmmred,- for example, by light: scatteffmj or absorption 

These fine<lropiet emulsions retain their homogeneity through 
Bwmtim' molecular moyfm&rtf, Browruan molecular movement m m 
thermal random movement of particles below 5 pm in size. It is the driving 
5 force, of dlfuslon and prevents bets sedimentation and creaminq yo 
(flolation): A raajor advantage is that the 'nm4 for &r^fgy4ntensive stWnij 
can be r&dubed. S! leads to improved: diffusion: of substrate a^d en^pe: 
and; to red»d energy ooste . 

.Tte'su^tmla- concentrations can Se varied without the droplet size''- 
1© M^hf feMfjBdiksd"- A high substrata concemratton can be achfev^d 
without: any of the droplets coalescing, Tha low surface tension ittcsngaseg 
^^r^riti of the nmlacufes at the o^/wafer interface The high 
reproc!udb$iy and -stability a! the PIT emulston s enable biochemical studies 
la be carded out on enzymes and IhaJr raaaSvlty-arld already known 
IS ra&odon oondHioos and acrNfes for enzymes to be toiler optimised. 

Se^des water, the PIT aoiylsloos also contain an ail phase which 
contains compounds from the group of fatty add a;kyl esters a) or native 
vegetable Mb and denvatlws b). The groups a) and b) are hydrophobic 
oompounds Insoluble or only vary, sparingly solubla In water -which may 
20 pre^ the starling materiafe, f,e, substrates, lor lha products 

lb be obtained by snzyma&c catafy&fe but Which may aio be usid as 
aux^ahasv. 

Buitfbfo group a) waters are denvad m partly ter from satoratad, 
unsaturated, linear or branched fatty acids' containing a total of 7 to 23 
2S carbon atoms. Accordingly, tbay are compounds corresponding to formula 

w 

30 In which R 1 is a -C^. alkyt group . and iR'feafe aikyi group, methyl and 
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ethyl groups being particularly preferred. The use of- ms%! esters is the 
most advantageous, The methyl esters of formula (I) may be obtained in 
the usual way, for example by fransesfenficiation of triglycerides with 
methanol end subsequent distillation. Suitable fatty acids are capmic, 
$ beptanofe caprylc, pelargonlc f capncc untfecanoic. iayne, fhdeeaopia, 
rtw^::.m^^mm palmltte. haptadecanolc, stearic, nonadecanoic, 
arachic and bebenie add. Unsaturated representatives are, for example, 
iayroield myrietolale, paimiioielc, pstroselaldie, oleic, elaldic, rioinoleic, 
linoleic, son|ugated linoieic acid {QIA% more particularly ols%frsnsTt-CLA 

10 or iranslClelsi 2-CLA, ilnoialdlcy linolanic, conjugated llnolelc add, gadolele, 
araMtiorm and easels acid. Mixtures of the methyl and/or ethyl esters of 
these acids am also suitable. It is panleuiady preferred to use FIT 
emulsions which contain methyl and/or ethyl esters from the group 
consisting of methyl oleata, methyl palroitate, methyl stearafs, methyl 

18 pelarganate, ethyl oieate. ethyl paimitate, ethyl stearate and/or ethyl 
pelargonate. However, methyl and/or ethyl esters based on the natural 
fatty add mixtures obtained, for example, from linseed ell, coconut ell, palm 
oil, palm kernel oil, olive oli, castor oil, rapesead oil* soybean dl or 
sunflower oil {In the case of rapeseed and sunflower oil, new and aid 

20 plants) may also be used. 

Suitable group b| compounds are native oils of vegetable origin. 
These are essentially triglycerides and triglyceride mixtures, the glycerol 
being completely esterified with relatively long-chain fatty acids, 
Particulariy suitable vegetable oils are selected from the group consisting of 

25 peanut, coconut andfor sunflower oil 

Important constituents of the PIT emulsions used In accordance with 
the invention are the eraufsiflers and emdsifier systems used. Nonionie 
ernutslflers, more padiodarly efboxylated fatty alcohols and fatty acids, are 
preferably used as emulslflars.. To form PIT emulsions, It Is of advantage to 
use a two -component emutslfls r system containing a hyd rophlllc em ul sifter 



(A) and a hydrophobic eo-amu^fer (B% Suitable hydro phic nonbote 
amulsfiers (A] are substances- whteli have an HLB value of about 8 to 18, 
The HLB value (hydmphiac^lpophic balance) Is a value wbfch may be 
paldufeted In §qc.6«fencfe with the following equation: 



where L 1$ the percentage fey weigh* of llpophMc groups, I.e.. the fatty alkyl 
or faftty aoyl g roups in pmmni m the ethylene: bndmMti Mm products,: 

Fi% afeobo^ athoxylaies fn Ehs context of the teaching according to 
the Invention correspond to formula ill): 



m 




15 in wNoh Rv ls a fear or branched, saturated or unsatumted aifcyl group 
containing 8 to 24 osrhon atoms and n Is a number of 1 to SO, Corns 
of formula §1} where n: is a number of 1 to 35 and more 
number of 1 to 15 are particularly preferred. Other particularly 
compounds of formula (li) are those where R 3 m an alkyl .-group containing 

20 IS to 22 oa rbon atoms. 

The conipoynds of formula (H) ara obtained m known manner by 
reaelion of fatty alcohols under possum with ethylene a>dcte, optiona^y In 
tlis: presaiica: of acidic or basic cataliysts, Typtoa! ..examples are oaproio 
alcohol oaprylla alcohol 2H&tHyl fecyi alcohol, oaprlc alcohol, tiuryf 

28 alcohol, isotndecy! alcohol mynsfyf alcohol oety! alcohol, pMm&ifyi 
alcohol, sfaary! eteohol is«$lssfyj alcohol oteyl alcohol, aiafdyi alcohol 
pelroseHnyl alcohol Inolyl alcohol Jnolehyl ataohol eSaeostoafy! afoohol 



araohvl alcohol g 
brass* 
30 mine hig 



alcohol and 




WO 2005/01 7142 



3 RGT/EP2Q04/008770 
and tM :or aideNvd^ from Roelen's oxosynthesis and as monomer fraction 
In the dimerization of unsaturated fatty alcohols. Technical fatty alcohols 
containing 12 to 18 carbon atoms, such as lor example coconut oil, -palm 
■dt; palm kernel oil m tallow fatty alcohol, am preferred,.. 

Fatly add ethoxyiafes which may also be used as emulslfier 
component (A) preferably corrsspond to formula pi I): 



R 4 C0 2 |GH s €H20) m H 



wh&mM? M & imm? or branched alky! group containing 12 to 2£ carbon 
atoms and m Is a number of 5 id SO and preferably 15 to 35. Typical 
examples are products ol fee addition of 10 to 30 moi ethylene oxide ante 
iaude add. Isotrldecanoie add,- myrfetto acid, palmitic add, patmitoieie add, 
stearic acid, isosteabe acid, oleic acid, elaidic acid, petrosallc acid, llnoWo 
add. linoienlc ackl, elaeosiearlc add, araehic add, gadoiolc add, behenic 
add and erode add and the technical mixtures thereof obtained, for 
example, in the pressure hydrolysis of natural fats and oils or in the re- 
duction of aldehydes from Ro-deus oxosyntheds. Products of the addition 
of 10 to 30 rod ethylene oxide onto fatty adds are preferably used. 

Paraal glycehdes which may be used as emulsifler componem (1) 
preferably correspond to formula f IV): 



OH; g OfCH g r;H 2 0^€OR & 




COR" Is a linear or '-branched' acyi group containing 12 to 22 carbon 
and x, y and z together stand for 0 or for numbers of 1 to 50 and 
|y 18 to 35. Typical examples of partial glycendes suitable for the 
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purposes of tha Invention are laurie add monogiyeerlde, coconut fatty add 
monogiycsflde, paimftic; add monogiycende, stearic acid monogjyeedde, 
ssosieanc add monoglyoende, oleic acid monogiycerrtle, conjugated itnoiels 
add monoglyaendas and tallow fatty acid monoglyeeifde and addition: 
products thereof with § to 50 and preferably 20 to 30 rnol ethylene oxide, 
yoneglyoendas or technical mono/dlgiyoedde mixtures predominantly 
containing nionogiyceddes (IV), wham COR s is a linear acyi group 
containing 16 to 18 careen atoms, are preferably used, 

imislfiar mixtures containing components (A) and {8} in a ratio by 
weight of 10:90 to 90; 10, preferably 25:75 to 75:25 and more particularly 
40:00 to S0.40 are normally used. 

Other suitable emutsifjefs are, for example, nonionic surfactants 
" the following groups: 




n ot 2 to 3 



to b moi 

pyfena: oxide onto idear fatty alcohols containing 8 to 22 cardan 
atoms; 

glycerol monoasters and diesters end sofblton moooestera and 
diesters of saturated and unsaturated fatty adds containing § to 22 
carbon atoms and ethylene oxide adducts thereof; 
aikyl mono- and oiigoojycosides containing B to 22 carbon atoms In the 
a ! kyl group and athoxylated analogs thereof; 

products of the addition of 15 to 60 moi ethylene oxide onto castor ell 
a od/or hydrogeoaf ed castor oil; 

iclyof esters and, in particular, polyilyeero! asters such as, for 
example, polygiyoerol polydcfneieste or poiygiycerof poiy-12~bydroxy- 
atearata. Mixtures of compounds from several of these classes are 
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products of She addition of 2: to 15 mol ethylene oxkfe onto castor oil 
and/or hyd rogensted castor. o| ; 
■* fgtiM asters based on linear, inched unsatiiratad or saturated €^ 
fatty adds, ricinoleb add and 12-hydmxysteanc aad and gfyooroL 
8 polyglycerdl*. pentaa^thritoL di^^ntaerythritoL sugar ateoMs (for 
example sorbitol) and polygfecosldes (for example cefi'ylose); 
* wool wax aicohote; 

16 Tbt aidlibn produf !a : of .ith|#hf ^Mlbr propylene oxida onto 

glycerol mono- and rioters and sorbitan mono- and diesters of fatty acids 
or onto castor iM am fan -commerci^iy •avallabia . products* Ttey mm 
homolog. mmrm ot mm the avarag^ 

to the ratio Wwean tlia quahtfes of ethyiene.oKJde -and/or propylene oxide 

IS and substrate with which the ad tiiti o n reaction is carded out.. 

To safer suite bfe emyisfer ■ systems, li can ha .-useful fe calculate 
the PIT of the particular system.. However* tills afso applies In particular to 
potential optimizations irrlh© choice of the emulsffiors or mmteWmr systems 
and their adaplaOon to tih^; chotea and mi^ng of aqueous phase on the -mm 

2© hand and the type of oil phase on the other hand as predetenri-ned by 
other conspirations as- to technical procedure. Corresponding expert 
knaw1odg;#; has bean d^vefoped in hasiealSy totally different fieidsi 
partieularfy in tie proctetlon of OQstnetcSv 'Particular reference is masfelsi 
this connection to ihs ariksls by TH. Forster, W, von RybhiskL H. T&smann 

2S and A, Wadte '* '*C8imiMliQtt. "®f Optimum BmuMWw Mmiumg for Pimm 
inimmom Erriujyif^ of Cosmetic Scfe^oa 

■f §>; 84-92 {1984), Tha arOda m question contains, a delated account of 
how the phase- inversion range of a given i&M?. 

component: system of an oH phase, a water phase and an .emuteiS&rcairs be 

SO oalcyfetsd by -tie'- GPPICQ method (calculation of phase inversion, in 
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GonceMraMs) on the haste of the £ACN value ^equivalent- alkane carbon 
number) diemdanstic of the oil phase. More partfeuia^y, Ms article by 
iPSrster a! . at dies important literature for the subjects under discyssbn 
ham ■ .which ■ should be viewed Jn conjunction with the dfssbsure of" this 
■article by Foxier ef al VVIth the m of numerous examples, it is shown 
tow the chofca and Qptlmteatton of Itii- emu!sffiers%^y!s!fier : systems am 
accessible to Ihe adjustment of optima! pracleterml^ad values for the phase 
invwston tempafsture range by the CARGO method in corsuncSon with the 
E.ACM concept 

The FIT emulsions used in accordance with ifee Invented pmS^fely 
mnMn 20 to 90% fey ; waglitof water, more praferably 30 to 80% by weight 
and most preferably 30 to -80% by weight of wafer, The balance to 1 00% 
by weight is made up of oil phase and emutsifiera and -optionally other 
auxiliaries and additive. The ti phase itself is present hi qyantltias of 
preferably 10 to a 0% by weight and more partol&dy 40 to 70% by weights 
In a prefarrad embodiment the oil phase exdusive^y contains components 
a) or b| or matures of these components. The smulspers- or emu^-fter 
syf larns are present In quantities of prefBmfely t 25% by weight, mom 
preferably S Jo 20% by weight and most preferabiy 5 to 15% by welgtit 
The emylsions : \'pmii; m amm^Bnm with the fnvenSon pmfe^ly have 
phase Jnversfbn femparalures of 20 to S5*C .and ' tmm . particularly in Ihe 
range from 30 to .-9S ft C- : 

The er^ymes used in accordance with the iwsntlors are interfaole^y 
active ; Enzynies from ihi group of hydrolases and/or aey! Iran sf erases: are 
ptefemNy used m4 may be used either on tfeelr own or in combination with 
several enzymes. 

Hydrolases selected from the group oons^ting of esterases, 
phDaphalpas-es, lipases and Itpasea/aoyl transferases are pa^cularly 
preferred The latter are ihierfaciaHy active enzymes which saiaiy^e 
reactions obaraclerislic of lipases,, f b^n.: that 
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Mas am ..da'pabfe of catalyzing tran^stedflcatlon reasons m Ihm 
presence of 'short-chairs alcohols for a water Qontenl In the reaction ■ mixture. 

a water activity o! greater than WitJ.'^.ji^r' 
Opasa would pradaminan^y catalyze the hydrops 
of the ^stersJn dapendea^. ypan the ateo}iol ; component Accordingly, ihe 
^nzymesin quastion have ohamd&risfe. features feothior lipases &d for 
acy] transferases, On the basre of sequence f-iomologies to hitherto known 
eozymes, such as lipase from Candida pamfi0ioms for example, ifte 
n^yrariy ocGurHng enzyma aooording to the invenicsn is a lipase and, on 
the basis of its ^n^ymsf?c activity, an aeyf transferase. 

Typical examples of suitable enzymes, which are no! meant to be 
firming In any y^ay, are lipases 
#ganlsms satacfed from the group. comMng 

■afSfcam, Candida aMarciloa (T^chosporm Qtyzss, 
aMarcMa), Candida aniBfciwB, Candida eytmdmcm, Candida giahraia. 




20 



25 



.fropicBiM,: Qmdiii® mwmwM, ChmmQdaci&dum vmosum, Fmarfum 
■BofanL Gmimhwn mndMum, !$satch®&kk\ -ori^niaMs-: (Candkla knmm}, 
KfayvBromyses marxmm (C. kefyr, C pseudotmptcaite}, Muaor jmmnicm, 
Pemalkmi mmembertl Penmulum foquaforii, Picfim guiiMrmmdii (Candida 
gyiiimmcmdii}, Porcine- pancrms, PsmdomonM cepBda, Ps-eudomoms 
f!iimmc&m< RMmmucor mmlwl Rhimpu$ Bffhizm, Rhizopus orym^, 
Rhaopus nimus, Rhizcpm javmicus and Thermomyces ianugmosua and 
mixtures thereof: Upases and !spa$e$/acyl transferases from ttW 
orianisms -Qm$d&. ^0^mdc^i 

pBeudommm^R^^ mm Thamomycm, m ore pa r&au&!y enzymes 




The enzyrnas to be used m l ac<^rdanca w^lh !h€ invention may be 
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umti m various forms, In principle, any supply forms of enzymes known to 
tha expert may be used. In the context of the invention, the deflators of 
%nipie* also enpompass^s protein and enzyme protea Both thp 
enzyma protein and tfe whole profein, which contains me funotoa of. the 
§ protein according to invention In a part, of the protein sequent, i^ay be 
used in accordance will . the invention. The enzymes are prsferabSy used 
in pure form or m a technical anzyma piraparalion W Trnmbbfl i»« a 
canter itiaiena!.- and/or in solution, mora particularly in aqueous soiulson, 
ami re-used in s^oailad repealed batches, Crystallized: enzymes, so- 

10 ealfid C LECs, obtain a bfe for eximpte torn ih& Ate compa ny, era also 
preferred.: Hie pareenlage of "adlve enzyme In the parMsuiar tad^nfcai 
enzyme pmparations y&hes from nianufaatararlo manyfactumr, However, 
the average Is bilween 1 and 10% active enzyme. 

In another embotfe^ enzym&s to be used 

IS acoDrdanse with the invention am used m a quantity cf 0,001 to 20% by 
weight, exposed as pure enzyme or as ensyma preparatory based m the 
total qy&nliy of ml phase used. More particularly;- the qyr^llty to.bp used - is 
from O.Q;02 to 1% by weight and, m a particularly preferred: embodiment 
fern DOT io 0,2% by wekshi 

20 toordng to the Invention, the enzyme ^atalyzsd raacfem m 

estenf feation^ tee m g ^particularly preferrab > 

^ooordlng Id tie In mri Nor, cmm0^ and/pr pharmaceullcaf products 
mnd/or fine cftem&als are prod mm by the enzyme-oaSpad rSipdns 
25 using im mt m^mmm according: to the ^venfe; Mom partly iiahy, 
camlinolda, sierol-oDntaining oil components and/or vitamin E are 
onxlticed- 

The o/w -emulsions according to the invention, containing .at teas! 
water, #mylslffem and &n ml phaso and produced by the PIT process are 
30 em^^nliy ayltab^e for use as a reason medium for enzyme-caiaiyzed 
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reactions. Accordingly, the present Invention also relates to a process for 
the enzyme-catalyzed hydrolysis, Iransesterifjcation or asfodfication of fatly 
acid alky! esters and/br thgycehdes, in whidi o/w emulsions produced &y 
the PIT process are used as the reaction medium. The emulsions used for 
Urn process according to Ida invention correspond In their epnslibente, 
conditions and more detaited ambodlments to the emuisions which have 
already been descrlbad in detail for the use of these o/w emulsions. 
Cosmetic and/or pharmaceutical products and/or fine chemicals are 
preferably produced by the process according to the tayertfioa More 
particularly, earofinolbs, sterohcontaibing oil components end/or vitamin E 
are produced.. In this process, use may be made of the fact that the water- 
insoluble substances become soluble In the ol phase of the PfT emulsion 
and are thus accessible to the enzyme-catalyzed reaction. 

According to the Invention, the PIT emulsions containing the 
15 substrate are added to the reaction vessel containing the Immobilized or 
non-Immobilized lipase or llpase/aeyS transferase and optionally other 
auxiliaries and additives. The details of this process, more particularly the 
quantity of enzyme and the added emulsion, am determined by the nature 
of the enzyme and the PIT emulsion selected and may be adapted by the 
W oxpe.n to suit the panicyfar elf cumsiaiices. By heating the: system, phase 
separation can be achieved and the emuisifler in the aqueous phase and 
the product In the oil phase can readily be separated from one another. By 
using fixed-bed reactors containing: the; enzyme, the enzyme dan be 
removed and : reused. 
2S The fineness of the oil droplets Seeds to a large surface between the 

0l : pf|||i|::^d ^3ftj$£r phase and thus provides for rapid dontact and an 
increased reaction rata between the enzymes and the oil phase containing 
the substrates. 

In one particular embodiment of tills proeessythe enzymes used are 
30 the enzymes already listed for the use of the olw emulsion according to the 
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invention. 

The reaction condstlons fccordlng to the invfmSkm for the wm&ri®- 
catajyzed reactions are determined by the optimal reaction range of the 
enzymes selected and the emulsions used. Mare particularly, the reaction 
teinpefaturs Inter alia is between 15 and SQ*C and preferably between 20 
and 40*0 and, mors particularly, Is 35*0, 

The Invention wilt be further described in the following examples, 
which do not limit the scops of the invention defined by the daims. 

Examples 

T«^stiml€^^:dl oleic acid ethyl iester with methanol or :hydr olysls of 
olMo acid ethyl ester by iipasa/i^yf trahsf erase and hydrolysis of foe oleic 
add ester used.. 

To produce the PIT emulsion of CI 8:1 oleic acid ethyl ester, a 
mixture of 0.26 g polyoxyethylene-l 2-cetyistearyl alcohol (eumuigini) Bi) 
and 0.2 g polyoxyefoyiene~6--cetyl alcohol was heated while stirring to 95*0 
with 1 g oleic acid ethyl ester and 3 g ultrapure water until all the 
components bad melted. The emulsion was then cooled while stiffing to 
room %m$gfatufg> The phase Inversion temperature pi?) was 
approximately 66*0. This emulsion (10 pmot/ml) was added to a solution 
buffered to pH 6.5 containing lipase/acyl transferase (CPLIP 2) and 2.2 
moi/l methane! as substrate and the hydrolysis or the meihanolysls was 
determined ;m ymoi/mln/mf In dependence upon the quantity of enzyme 
fpg/mfj, The results are set out in Taote 1, 
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In ad#fen, the activity of the enzyme in me PIT emuisten containing 
oleic acid ethyl ester was determined In the presence of methanol or 
isoprofsanot. The results are set out In Tables 2 and 3, 
TaisfeZ 
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Discussion of thej^softs 

The results show Ihat both t ha. tr ansesterlf icatlon of the mathsnctf ysls 
and th^ tiydr^ysls; mti .be earned out in a PIT' emulsion and that the 
enzyme does not lose its particular capahifies. The results also show thai 
nwtnanoiysis of the PIT emulsion in the prasenoe of water is preferred !o 
hydrolysis 

Transeatehficatlon to isopropyi oleate can also he oarrfad out In the 
system mentioned, the activity of the aniyrna showing a maximum at 2.25 
mol/I Isopropanoi, 



